Protein modification in aging.
During aging a number of enzymes accumulate as catalytically inactive or less active forms. The age-related changes in catalytic activity are due in part to reactions of the protein with "active" oxygen species such as ozone, singlet oxygen, or with oxygen free radicals as are produced during exposure to ionizing radiation or to metal ion catalyzed oxidation (MCO) systems. The levels of oxidized proteins in cultured human fibroblasts from individuals of various ages and in liver and brain extracts of rats of different ages increase progressively with age, and in old rats can represent 30-50% of the total cellular protein. The age-related increase in oxidized protein in rat liver and brain tissue is accompanied by a loss of glutamine synthetase (GS) and glucose-6-P dehydrogenase (G-6-PDH) activities, and to a decrease in the level of cytosolic neutral protease activity which is responsible for the degradation of oxidized (denatured) protein. Of particular significance are the results of experiments showing that similar age-related changes occur in the gerbil brain and that these changes are accompanied by a loss of short-term memory as measured by the radial arm maze technique. Chronic treatment (intraperitoneal injections) of old animals with the free radical spin-trap reagent, N-tert-butyl-alpha-phenylnitrone (PBN) resulted in normalization of the several biochemical parameters to those characteristic of the young animals; coincidentally, the short-term memory index was restored to the young animal values. These results provide the first evidence that there is likely a linkage between the age-dependent accumulation of oxidized enzymes and the loss of physiological function.